Objective: The objective of this study was to translate and culturally adapt the Knee injury and Osteoarthritis Outcome Score (KOOS) to the Portuguese language and to test its reliability, validity, floor/ceiling effects and responsiveness.
Introduction
The knee osteoarthritis (OA) is a disorder producing considerable pain and functional limitation. This condition has an impact on various dimensions of health, constituting one of the most common causes of restriction of functionality and quality of life, and consequently of demand for health care 1 . Patient-assessed instruments reflect the perceived impact of a specific clinical condition on individuals and therefore are extensively used to measure effectiveness of care and health care outcomes 2, 3 . The Knee injury and Osteoarthritis Outcome Score (KOOS) 4, 5 is a promising self-reported joint-specific measure which was developed to assess a large spectrum of patients with knee injuries and OA, for pain and other symptoms, function in daily living, function in sport and recreation, and knee-related quality of life. This tool is based on the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) 6 and includes additional items 7 . It has the advantage of being easily used to assess shortand long-term consequences of primary OA and injuries of several knee structures that could lead to the development of secondary OA 8 . In a structured review of the literature on knee-specific patient-oriented measures by Garratt et al. 9 , the KOOS was considered most appropriate to assess health problems related with the knee joint in both in clinical practice as well as in research settings, because of better reliability, validity and responsiveness.
The KOOS had its origin simultaneously in the AmericanEnglish 4 and Swedish 5 languages and was validated in several orthopedic populations 4, 5, 7, 10 . Validated versions of the KOOS for the German 11 , Singapore English and Chinese 12 , French 13 , Dutch 14 and Persian 15 languages are also available. However, there is no Portuguese version available at present and, in order to apply this questionnaire in Portugal, a rigorous process of cross-cultural adaptation and validation is needed. The aim of the present paper is to present the process followed by the authors to translate and culturally adapt the KOOS to the Portuguese language and to test its reliability, validity, floor/ceiling effects, and responsiveness in patients with knee OA.
Methods

CROSS-CULTURAL ADAPTATION
The cross-cultural adaptation process of the KOOS followed pre-established standard guidelines 16, 17 . The American-English KOOS 4 was translated into Portuguese independently by two Portuguese native translators (one physical therapist with experience in knee OA and one professional translator). The obtained translations were discussed in a first consensus panel to achieve the first preliminary version. This consensus version was translated back to English by another translator (one English native professional translator) without prior knowledge of the original version. The translations and back translation were discussed in a second consensus panel to achieve a second preliminary version. This consensus version was completed by 11 subjects with knee-specific clinical conditions to confirm if all items of the questionnaire were understandable and included all the expected concepts and items without any redundancy. A third consensus panel was formed to achieve the final version of Portuguese KOOS questionnaire.
VALIDATION STUDY
Subjects
The sample comprised consecutive patients with symptomatic knee OA (diagnosis validated by a physician), according to the clinical and radiographic criteria of the American College of Rheumatology 18 , attending 12 physical therapy outpatient clinics in Portugal during a 6 month period. Subjects that provided informed consent and followed inclusion and exclusion criteria were selected. Subjects were included if they started their physical therapy treatments (for the knee) with a probable duration of at least 4 weeks and experienced knee pain with a visual analogue scale (VAS) score of at least 30 mm in a 0e100 mm scale. Subjects were excluded if they had received physical therapy treatments (for the knee) within the previous 30 days, had other disease of the bones and joints of the lower limb, neurological disease or any other disabling condition (e.g., back problems or widespread pain) or if they were illiterate, not knowing how to read and/or to write. All physical therapy outpatient clinics obtained approval from their respective review boards.
Measurements
Measurements were carried out at the above mentioned clinics. The entire sample was assessed during the first clinic visit for a physical therapy treatment. Owing to practical reasons, in four of the selected clinics all subjects were assessed again 48 h later (group 1), in other four clinics all subjects were assessed again 4 weeks later (group 2), and in the remaining four clinics all subjects were assessed again 48 h and 4 weeks later (group 3). yClinics where all subjects were assessed again 4 weeks later (used for responsiveness). zClinics where all subjects were assessed again 48 h later and 4 weeks later (used for reproducibility and responsiveness). A 48-hour interval for reproducibility assessment was chosen to minimize the probability of occurrence of relevant changes in patient's clinical condition. Given the number of questions that the KOOS questionnaire contains it is not likely that the patient can easily memorize the answers. A 4-week interval for responsiveness assessment was chosen because it corresponds to the typical duration of physical therapy treatments for knee OA in Portugal. No attempt was made to standardize the physical therapy treatments. Data was collected in a questionnaire format using the under mentioned patient self-administered measures. The KOOS 4,5 contains 42 items which cover five subscales: pain, other symptoms, function in daily living, function in sport and recreation, and knee-related quality of life. A score, from 0 (extreme problems) to 100 (no problems), is separately produced for each subscale. The missing data was handled according to the instructions found in the KOOS user's guide 19 . The SF-36 20e22 includes 36 items that are combined in eight subscales: physical functioning, role-physical, bodily pain, general health, vitality, social functioning, role-emotional and mental health. A score, from 0 (worst possible health status) to 100 (best possible health status), is independently produced for each subscale. The SF-36 was cross-culturally adapted and validated to the Portuguese language 23, 24 . The missing data was handled according to the instructions found in the SF-36 manual and interpretation guide 25 . Three VAS were used to evaluate, respectively, (1) the intensity of knee pain, (2) the degree of knee-related disability and (3) the degree of discomfort in walking. All the VAS ranged from 0 (no problems) to 100 mm (extreme 
Statistical analyses
Quantitative variables are described using mean and standard deviation values whereas categorical variables are described using frequency and percentage values. The KolmogoroveSmirnov test for normality revealed that our data were generally not normally distributed (P 0.05); therefore nonparametric statistical tests were used.
Reliability. Internal consistency was measured using Cronbach's alpha and corrected item-total subscale correlations. An alpha value between 0.70 and 0.95 was regarded as acceptable reliability 27 . Corrected itemtotal subscale correlation of 0.30 or higher was considered acceptable for each item in the subscales 28 . Reproducibility of the KOOS subscales was assessed using intraclass correlation coefficients (ICC) for agreement, formula 2,1. Reproducibility of the KOOS subscales items was tested using quadratic weighted kappa coefficients. According to Terwee et al. 27 , an ICC or a weighted kappa coefficient greater than or equal to 0.70 (with a sample size greater than or equal to 50 subjects) receive a positive rating.
Validity. Construct validity was investigated testing seven predefined hypotheses involving expected significant correlations between KOOS subscales, SF-36 subscales and VAS that represent similar constructs: (1) KOOS function in daily living should correlate at least fairly (positively) with SF-36 physical functioning 4, 5, 10 ; (2) KOOS function in sport and recreation should correlate at least fairly (positively) with SF-36 physical functioning 4, 5, 10 ; (3) KOOS pain should correlate at least fairly (positively) with SF-36 bodily pain 4, 5, 10 ; (4) all five KOOS subscales should present higher positive correlations with SF-36 physical functioning, role-physical and bodily pain than for the SF-36 general health, vitality, social functioning, role-emotional and mental health subscales 4, 5, 10 ; (5) KOOS pain should correlate at least fairly (negatively) with VAS for pain; (6) KOOS knee-related quality of life should correlate at least fairly (negatively) with VAS for disability; (7) KOOS function in daily living should correlate at least fairly (negatively) with VAS for discomfort. One additional predefined hypothesis involving the comparison of the KOOS subscales scores obtained by two different subgroups based on a grouping variable (walking aid) was formulated as follows: (8) subjects needing walking aids should obtain significantly lower scores in all five KOOS subscales. Construct validity was analyzed using Spearman's correlation and ManneWhitney test. Spearman's correlation coefficients were read as follows: excellent relationship if higher than 0.90; good if between 0.90 and 0.71; fair if between 0.70 and 0.51; weak if between 0.50 and 0.31, little or none if lower than or equal to 0.30 29 . A P value of 0.05 was taken as the reference level of significance.
Floor/ceiling effects. Floor/ceiling effects were considered to be present when more than 15% of the participants received either the lowest or highest possible subscales scores 27 .
Responsiveness. Responsiveness to 4 weeks of physical therapy was evaluated using the standardized effect size and standardized response mean. The effect sizes were calculated as described by Husted et al.; effect sizes values were interpreted as large (!0.80), moderate (!0.50) or small (!0.20) 30 . The Wilcoxon test was used to compare pre-and post-treatment KOOS subscales scores. A P value of 0.05 was accepted as the level of significance.
Statistical analyses were performed using SPSS 15.0 for Windows.
Results
CROSS-CULTURAL ADAPTATION
The second preliminary version of the Portuguese KOOS questionnaire was well accepted in the pre-test. All the questions and response options were considered satisfactorily understandable by the subjects. Even so, in order to improve clarity, minor rewording was made on three items, based on patient's suggestions. On the second item of the subscale other symptoms the term ''moer'' (Pt), previously chosen as translation of ''grinding'', was reworded to ''ranger'' (Pt). On the second item of the subscale pain and on the fourth item of the subscale function in sport and recreation the term ''rodar'' (Pt) was added to the terms ''virar-se/torcer'' (Pt) previously selected as translation of ''twisting/pivoting''. Therefore, the revised version (download available at http://www.koos.nu/) was used in the validation study.
VALIDATION STUDY
Subjects
The descriptive statistics of the entire sample and groups drawn from different clinics are presented in Table I . A total of 223 patients were included in the validity, internal consistency and floor/ceiling effects assessment, of which 139 (62%) were also included in the reproducibility assessment and 158 (71%) were also included in the responsiveness assessment. Only a few individual items were missing for the KOOS (149 of 9366 items ¼ 1.6%) and for the SF-36 (88 of 8028 items ¼ 1.1%). After handling the missing data, a total score could be obtained for all KOOS and SF-36 subscales for all patients.
Reliability
Cronbach's alpha coefficients ranged from 0.77 to 0.95, with the corrected item-total subscale correlations ranging from 0.42 to 0.87. ICC ranged from 0.82 to 0.94 for the KOOS subscales, and weighted kappa coefficients ranged from 0.69 to 0.96 for the 42 items of the questionnaire (Tables II and III) .
Validity
Six of the seven predefined hypotheses involving expected significant correlations between KOOS subscales, SF-36 subscales and VAS were confirmed (Table IV ). An additional predefined hypothesis was also confirmed with the subjects that need walking aids obtaining lower scores in all five KOOS subscales (Table V) .
Floor/ceiling effects
None of the subjects reached the best possible scores in the five KOOS subscales and the percentages of subjects reaching the worst possible scores were null in the subscales other symptoms and function in daily living. The percentage of subjects who received the worst possible scores in the subscales pain, knee-related quality of life and function in sport and recreation were, respectively, 1.8%, 7.6% and 33.6%.
Responsiveness
The results are summarized in Tables VI and VII.
Discussion
In this paper we presented the process of cross-cultural adaptation of the KOOS to the Portuguese language and provided evidence of its reliability, validity, floor/ceiling effects, and responsiveness in patients with knee OA.
The procedures of translation and cultural adaptation found no major problems and gave rise to a reasonably intelligible Portuguese version of the KOOS. The absence of particular difficulties were also reported in the cross-cultural 1159 Osteoarthritis and Cartilage Vol. 17, No. 9 adaptation of several other language versions of the KOOS 5,12e15 . The easily understandable wording used in all questions and response options seems to allow the choice of commonly used words in others cultures or languages and, therefore, to provide a questionnaire that is simple to complete. High Cronbach's alpha coefficients for the five subscales and acceptable corrected item-total coefficients for the 42 items confirmed that the Portuguese KOOS subscales are internally consistent, with the correspondent items properly correlated with each other. The results for internal consistency were similar to those obtained in other studies (with different samples and different time intervals between repeated administrations) by the Singapore English and Chinese versions in patients with knee OA on a waiting list for total knee replacement using a time interval of 6 days (Cronbach's alpha coefficients ranging from 0.70 to 0.92 and 0.64 to 0.88, respectively; item-to-domain correlations >0.40 for 38 and 29 items, respectively) 12 . Also, the French version [a medicine group and a surgery group of patients with symptomatic knee OA using a time interval of 2 weeks (Cronbach's alpha coefficients ranging from 0.76 to 0.93)] 13 , and the Dutch version [patients with different stages of knee OA using a time interval of 3 weeks (Cronbach's alpha coefficients >0.70, except for the subscale for other symptoms in a severe OA group)] 14 corroborate our findings for the Portuguese language.
High ICC for the five subscales scores and acceptable weighted kappa coefficients for 41 of the 42 items of the questionnaire revealed that the stability of the Portuguese KOOS over time was good. The same pattern of findings was obtained in other studies with different samples, such as 0.78e0.97 by Roos & Toksvig-Larsen 10 , 0.65e0.91 and 0.60e0.87 by Xie et al. 12 , 0.76e0.91 by Ornetti et al. 13 and !0.70, except for the subscale function in sport and recreation in a group that underwent revision total knee arthroplasty, by de Groot et al.
14 . The KOOS seems to provide internally consistent and reproducible results both for patient groups with knee OA 10,12e14 as for patient groups with knee injuries 4, 5, 15 . Seven (87.5%) of the eight predefined hypotheses for construct validity were confirmed. The subscales of the Portuguese KOOS were fairly associated with the subscales of the SF-36 (positively) and with the VAS (negatively) that measure similar constructs: KOOS function in daily living with SF-36 physical functioning, KOOS function in sport and recreation with SF-36 physical functioning, KOOS pain with SF-36 bodily pain, KOOS pain with VAS for intensity of knee pain, KOOS knee-related quality of life with VAS for knee-related disability, and KOOS function in daily living with VAS for discomfort in walking. The hypothesis that stated that all five KOOS subscales evidenced higher positive correlations with SF-36 physical functioning, rolephysical and bodily pain than with the other five SF-36 subscales that measure dissimilar construct was not supported. Spearman's correlation coefficients (KOOS and SF-36 are 0e100 points, worst to best; VAS is 0e100 mm, best to worst). Fair correlations in bold/underline; Weak correlations in bold; Little or none correlations in italic.
*Predefined hypotheses which were supported. yPredefined hypothesis which was not supported (KOOS other symptoms presented higher correlation with SF-36 vitality than with SF-36 physical functioning and role-physical).
zCorrelation not significant (P > 0.05). ManneWhitney test (KOOS is 0e100 points, worst to best). Group statistics: mean AE standard deviation. Wilcoxon test (KOOS is 0e100 points, worst to best). Paired samples statistics: mean AE standard deviation. R. S. Gonç alves et al.: Portuguese version of the KOOS Actually, KOOS other symptoms presented higher correlation with SF-36 vitality than with SF-36 physical functioning and role-physical. It might be due to the fact that SF-36 vitality measures the impact of the clinical condition on energy and fatigue levels that in elderly knee OA patients with pain and disability could be more affected by other physical symptoms than by physical function. Finally, the Portuguese KOOS was able to discriminate groups of patients based on walking aids.
The floor/ceiling effects were considered not to be present in the Portuguese KOOS, except for the subscale function in sport and recreation in which floor effect was considered to be present. This seems to be due to the sample characteristics. For example, 29.1% of the subjects needed walking aids which is likely to severely compromise the ability to perform activities like squatting, running, jumping, twisting/pivoting and kneeling. Other KOOS versions had already reported the presence of floor/ceiling effects in the subscale function in sport and recreation in samples of patients with knee OA 10,12e14 . In this subscale, the deterioration of the physical function might be neglected for patients who obtain the worst possible scores.
The results of the responsiveness assessment demonstrated that the Portuguese KOOS subscales were able to detect changes over time. Large to moderate standardized effect size and large standardized response mean were found after 4 weeks of physical therapy treatments. There is high evidence that physical therapy reduces pain and improves physical function in knee OA patients 31 that could be measured by this questionnaire. The KOOS has been also shown to be a responsive outcome measure in total joint replacement. Roos & Toksvig-Larsen 10 found effect size from 1.18 to 2.86 and 1.08 to 3.54, and standardized response mean from 0.81 to 1.70 and 0.88 to 2.12, 6 and 12 months after total knee replacement, respectively. Ornetti et al. 13 also reported large effect size (1.31e2.8) and large standardized response mean (0.89e1.93) 3 months after total knee replacement.
Some limitations of this study should be acknowledged. The sample used is not representative of the entire population of Portuguese patients with knee OA. In fact, only patients with knee OA receiving physical therapy treatments in outpatient clinics were recruited. Further validation in other knee OA populations is therefore advised.
Moreover, the KOOS is a joint-specific questionnaire that could be used to evaluate not only patients with knee OA but also patients with other knee injuries. Because the reliability, validity and responsiveness of patient-based outcome measures are population-specific 3 , the psychometric characteristic obtained by the Portuguese KOOS in this study may be somewhat different in other populations with knee injuries.
In conclusion, the Portuguese version of the KOOS obtained in this study demonstrated psychometric properties comparable to the other KOOS versions, for knee OA patients. More testing is required in order to confirm its value for other than knee OA patients groups (e.g., patients with patellofemoral pain, ligamentous and meniscal injuries). 
